A Trombetti, J Cheseaux, FR Herrmann and R Rizzoli BACKGROUND: Several guidelines recommend systematic screening for malnutrition in elderly inpatients for early dietary intakes assessment and treatment, but data demonstrating the efficacy of such interventions are scarce. The aim of this study was to evaluate a critical medical pathway for the detection and management of malnutrition in elderly inpatients. METHODS: In a 3-month prospective controlled study, 694 recently admitted inpatients were assigned to an intervention group (critical medical pathway; n ¼ 465) or a standard care control group (n ¼ 229). Nutritional status was assessed at the time of admission with a Mini Nutritional Assessment. A renutrition program tailored to the initial dietary assessment results was applied in the intervention group. The efficacy of the program was verified by measuring the evolution of serum insulin-like growth factor 1 (IGF-I) between admission and 3 weeks later. RESULTS: In the intervention group at baseline, 23% were malnourished, 51% were at risk and 26% were eunourished. Serum IGF-I increased in the intervention group (from 84±45 mg/l to 95±50 mg/l, Po0.0001; mean±s.d., n ¼ 209), but remained stable in the controls (from 79±43 mg/l to 81±35 mg/l, P ¼ 0.4; n ¼ 99), with a statistically significant between group difference (Po0.01). CONCLUSION: Early malnutrition assessment and targeted renutrition program in elderly inpatients were associated with an increase in serum IGF-I. It remains to be determined whether such variations are clinically relevant.
INTRODUCTION
In Western countries, malnutrition prevalence is B7-8% among adults and rises to 12-15% in the geriatric population. 1 Thirty to 60% of patients admitted to hospital are either malnourished or at risk of malnutrition, particularly the elderly. 2 Malnutrition often worsens during hospital stay, mainly due to the disease and insufficient nutritional care. 2 Malnutrition has a well-documented negative impact on morbidity, mortality, length of stay, quality of life and health-care costs. 3 It increases the susceptibility to infection, delays wound healing, augments the frequency of bedsores and of the heart and lung dysfunction. 4, 5 Although in-hospital malnutrition can be treated, with consequently an improved clinical outcome, it is often underdiagnosed and inappropriately addressed. 6 Therefore, it is essential to systematically assess nutritional status among the elderly population at the time of admission to identify malnourished patients and to introduce targeted and tailored renutrition programs. To highlight the causes and consequences of malnutrition, the Committee of Ministers of the Council of Europe adopted a resolution on Food and Nutrition Care in Hospital in 2003 November. 7 This resolution and several guidelines state that countries should adopt national nutritional care recommendations in hospitalized patients. 8, 9 However, evidence-based studies demonstrating that nutrition care can improve nutritional status and nutrition-related clinical outcomes in routine care are still scarce.
The aim of the present study was to implement a critical medical pathway for the management of malnutrition in the elderly inpatients and to evaluate the efficacy of the program under real-life conditions. The goal of our nutritional support was to improve prevalent malnutrition, or to prevent the development of nutritional insufficiency in initially eunourished patients, but with increased metabolic demand or reduced appetite.
MATERIALS AND METHODS

Study subjects
This was a prospective controlled clinical 3-month study conducted at the geriatric hospital of Geneva University Hospitals between 1 April and 1 July 2008. This hospital is composed of general geriatric medicine units and one orthogeriatric unit. All adult patients older than 65 years admitted to the hospital were considered for inclusion in the study. Readmitted patients were not included. Exclusion criteria were palliative or terminal care, and the impossibility to evaluate the nutritional status. The study was approved by the Ethics Committee of the Geneva University Hospitals and was in agreement with the ethical standards of the Declaration of Helsinki. As the intervention was delivered at a cluster (ward) level and not at an individual level, the ethics committee did not request individual written informed consent.
Malnutrition detection critical medical pathway
With the help of a multidisciplinary team, we set up a malnutrition detection critical medical pathway. The Mini Nutritional Assessment (MNA) was selected as the screening tool. The MNA is a validated tool for the geriatric population 8, 10 and is divided into two parts. First, the screening part or MNA-Short Form (SF) identifies patients in good nutritional state. Second, the global evaluation or full MNA is completed if required and allows a classification of nutritional state into three categories: true malnutrition; risk of malnutrition; and good nutritional state. Fifteen minutes are required to complete the full MNA, which is also a good indicator of functional autonomy in the elderly. Within the first 48 h after admission, the resident administered the MNA-SF. A nurse completed the screening if required. Patients assigned to the critical pathway group were then classified into one of the three nutritional categories corresponding to clinical pathways 1-3 according to the MNA score (Figure 1 ). The control group was managed according to the usual standard care, including a weekly weight monitoring.
Each arm of the critical pathway was associated with a specific management. Patients in the malnourished category were referred for personalized evaluation and care to the dietician and the resident. At-risk patients had a 3-day semiquantitative evaluation of their spontaneous nutritional intake and a weight follow-up once a week. Low nutritional intake during patient follow-up was defined as an intake less than 75% of the offered meal at least threefold, or a significant weight loss (more than 3% of the baseline weight). It triggered the prescription of enriched food or oral nutritional supplements. The threshold of o75% of intake was selected as it has been shown that patients with an intake lower than this limit are losing weight. 11 Nutritional evolution of malnourished and at-risk patients was discussed each week during a multidisciplinary evaluation including a resident, a nurse and a dietician. This appraisal aimed to increase malnutrition awareness among staff. The presence of malnutrition was considered as evident at the time of admission in situations such as a weight loss of more than 10% in the last 3 months, a body mass index o18.5 kg/m 2 , or nutritional intake lower than 25% of needs during the last 3 months. In these cases, the MNA-SF was not completed and the patient was directly addressed to the dietician for evaluation and care. In the case of severe dementia, a simplified procedure was applied, taking into account weight loss and body mass index only (Figure 2) .
A specific enriched meal with a high nutritional and energy density was especially created for the study. This meal provided 1800 kcal and 70 g proteins in a half portion. Usual high protein and high-energy meals Figure 1 . Critical medical pathway for the management of elderly inpatients with malnutrition. MNA-SF: mini nutritional assessment-short form, MNA: mini nutritional assessment. For evident malnutrition status at the time of admission, that is, weight loss 410% in the last 3 months, body mass index (BMI) o18.5 kg/m 2 or nutritional intake between 0 and 25% in the 3 last months, the MNA was not completed and the patient was directly addressed to the dietician. require a greater volume, which is difficult to ingest for elderly patients. Nutrition management also included the prescription of commercial nutritional supplements and education of patients regarding their inhospital nutritional intakes. Nutrition supplements and enriched food were prescribed to malnourished patients (clinical pathway 3), those losing weight during hospitalization, or with a significant decrease of in-hospital food intake as recorded by the semiquantitative evaluation, who were included in clinical pathway 2.
Intervention and controlled validation of the malnutrition clinical pathway
The MNA was administered and the related intervention was applied to all patients admitted to our university geriatric hospital during the 3-month study period in three (including the orthogeriatric unit) of the five floors of the hospital. On the two other floors, usual standard nutritional care was administered. All patients (intervention and control groups) had a baseline evaluation of serum insulin-like growth factor 1 (IGF-I) and a second evaluation 3 weeks later. The primary outcome was the 3-week evolution of serum IGF-I with the evolution of albumin, C-reactive protein and weight as secondary outcomes. In the control group, nutrition screening was not systematically done and the assessment of nutritional status was driven by medical condition, biochemical abnormalities or weight loss during hospital stay. When detected, malnourished patients in the control group were referred to the dietician for personalized evaluation.
Hospital scales are calibrated yearly. Test-retest and inter-variability testing were performed before the study. Height was measured at the time of admission. Height was determined by a Holtain stadiometer (Holtain, Crosswell, Wales). Measurements were recorded to the nearest 0.1 cm. If the patient was unable to stand, the knee-heel height was measured with a sliding caliper (Harpenden Anthropometer) with the patient in a sitting position, and stature was thereby estimated. 12 Weight was determined on a calibrated scale to the nearest 0.1 kg. Fasting blood samples were collected in the morning and directly sent to the routine laboratory. Samples for IGF-I were transferred on ice to the central clinical chemistry laboratory. Samples for IGF-I measurement were drawn together with other routine samples. IGF-I was measured with Immulite 2000 (Diagnostic Products Corporation, Los Angeles, CA, USA; analytic sensibility: 20 mg/l). Intra-and inter-assay coefficients of variation of IGF-I assay were less than 10%.
Hospital staff was trained before the study to use the medical critical pathway algorithm and to complete the semiquantitative evaluation of nutritional intake.
Other variables
Date of admission, gender, height, weight, edema, bedsore as well as main and secondary diagnoses were recorded. Comorbidities were quantified by the Charlson comorbidity score. 13 At the time of admission, the functional independence measure was also measured. The functional independence measure score evaluates the outcomes of rehabilitation. It measures the degree of independence on a sample of 18 activities of daily living items. Thirteen of these items are testing the motor component and five the cognitive one. Each item is graded from 1 (full dependence) to 7 (full independence).
14 All patients were monitored daily with respect to medical complications, surgery, date of discharge, mortality and length of stay. Serum albumin and C-reactive protein were also recorded if available. We did not measure the nutritional composition of individual patients diets.
Statistical analysis
All statistical analyses were performed using Stata version 10.1 (Stata Corporation, College Station, TX, USA). P-values below 0.05 were considered statistically significant. Differences in proportions were evaluated with a w 2 test or with a Fisher exact test. Continuous variables were compared using a variance test, a Student's t-test and a MannWhitney-Wilcoxon test, as appropriate. Logistic regression analysis was used to evaluate the predictive value of certain parameters on IGF-I evolution. Data were also analyzed using linear mixed-effects regression models (with Stata ''xtmixed'' command) to predict the primary end point with group, gender, age and Charlson score as exploratory variables. Mixed-effects regression takes into account all values within the same subject without the need for the imputation of missing data. Multiple linear regression analysis was used to explore potential determinants of weight change and of IGF-I changes in the medical critical pathway (intervention) patient group.
Sample size calculation. To detect an expected difference of 50% in serum IGF-I (as previously reported in elderly patients 15 ) with a power of 80% and a one-tailed P-value of 0.05, 260 assessable patients were required per study group. Expecting a 20% rate of drop-outs and a 8% rate of in-hospital death, 354 patients were planned to be included, 177 in each group.
RESULTS
During the 3-month study period, 694 patients were admitted; 465 were included in the critical pathway (intervention) group and 229 in the standard care (control) group. At the time of admission, both groups were similar in terms of IGF-I levels and other nutritional variables (Table 1) . The proportion of patients with dementia was slightly higher in the control group, as were the proportion of men and mean serum C-reactive protein levels (Table 1) .
In the intervention group, 301 (65%) patients were categorized in terms of nutritional status (Figure 3 ). MNA-SF was performed in 352 patients and the score was found to be superior or equal to 12 in 54 patients (15%). The presence of malnutrition was considered as evident in one patient at the time of admission, and thus the MNA was omitted. MNA was adequately completed in 220 patients among the 298 with MNA-SF with a score below 12. Because of dementia, the simplified procedure was applied to 30 patients (9 belonging to the eunourished group, 14 were at risk of malnutrition and 7 were malnourished). Finally, 24% (112/465) of those included in the intervention group failed to get the nutritional assessment. The MNA was not completed for 11% (49/465) of patients. Figure 2 . Simplified algorithm for cognitively impaired patients. MNA-SF: mini nutritional assessment-short form, BMI: body mass index.
In the intervention group, 23% (69/301) were malnourished (MNA scoreo17), 51% (153/301) were at risk of malnutrition (MNA scoreX17 andp23.5) and 26% were (79/301) eunourished (MNA-SF score X12 or MNA score 423.5). Among the at-risk patients, 37/153 (24%) evolved unfavorably and were moved to the malnourished category during hospital course. Conversely, eight patients categorized as well nourished at the time of admission were switched to the undernourished category during the hospital course.
Mean time from admission to the first IGF-I determination was not different between the groups (Table 1) . Serum IGF-I was again measured 21 ± 8 days later in the intervention group and after 18 ± 5 days in the control group (P ¼ 0.01). IGF-I levels increased in patients in the intervention group (from 84 ± 45 to 95 ± 50 mg/l, Po0.0001), whereas it remained stable in the control group (79±43 vs 81±35 mg/l; P ¼ 0.4) ( Table 2) , with a statistically significant between group difference (Po0.01). Excluding fractured patients did not alter the significance of the results (data not shown).
Data were reanalyzed using linear mixed-effects regression models to predict the primary end point when taking into account all available values. The effect of the intervention on serum IGF-I was significant with a 8.0 mg/l increase (95% confidence interval: 0.1-15.9; Po0.05) during the intervention phase after adjustment for age, comorbidities, intervention and gender. Three weeks after admission, IGF-I levels were higher in the intervention group Figure 3 . Flowchart for enrollment and malnutrition screening of study participants.
(P ¼ 0.003). In a multiple regression model including age, Charlson score, baseline IGF-I and nutritional evaluation, patients who benefited the most from the medical critical pathway were those categorized as at-risk at the time of admission (Table 3) . However, IGF-I also increased in the undernourished group (Table 2) . Baseline C-reactive protein level and dementia did not affect serum IGF-I changes (data not shown). Weight decreased in both groups (Table 2) , without any between group differences. Weight changes were influenced by the presence of edema at the time of admission in a regression model (Po0.0001; data not shown). Albumin levels did not change during follow-up in both groups ( Table 2 ). The proportion of nutrition counseling requests was higher in the intervention group compared with controls (43 vs 32%; Po0.05). There was also a higher number of nutritional supplements prescribed to patients in the intervention group (38% vs 30%; Po0.05). Nutritional supplements were prescribed around day 10 after admission in both groups. The proportion of patients receiving an enriched meal at any time during follow-up was higher in the intervention group (20 vs 8%; P ¼ 0.0001). Improvement in nutritional status was not associated with changes in the length of stay (38 ± 34 vs 37 ± 32 days; not significant, P ¼ 0.613), in-hospital mortality (6 vs 9%; not significant, P ¼ 0.274) or functional independence (6.4±18.6 vs 7.2 ± 19.6 functional independence measure score changes, not significant, P ¼ 0.756).
DISCUSSION
Malnutrition is very common in the elderly at the time of admission into hospital. We developed a medical critical pathway for the detection and management of malnutrition in elderly inpatients and evaluated the short-term efficacy of the program in a controlled trial. We found that a systematic malnutrition assessment using the MNA questionnaire associated with a targeted renutrition program increase IGF-I levels taken as the reflexion of the nutritional status. The prevalence of malnutrition (23%) and the risk of malnutrition (50%) found in this study are similar to those reported by others using the MNA in the geriatric hospital setting (23% and 46%, respectively). 8, 10 Differences in nutritional status evaluation may explain the variation in the reported prevalence. Deterioration of nutritional status can occur during hospital stay and may be related to inadequate nutritional intakes, but it often remains unrecognized. Disease may also increase nutritional requirements. Undernutrition and decreased mobility may cause muscle wasting, thus favoring physical dependence, morbidity, mortality and prolonged hospital stay. 16 Malnutrition can also alter the immune function, increasing the risk of infection. 17 Malnourished patients are also more likely to develop cardiac 5 or respiratory impaired function. 18 There are many reports of in-hospital nutritional interventions, but studies specifically investigating this aspect during acute hospital stay of elderly with a variety of medical disorders are rare. More often, they focus on specific diseases or surgical conditions such as femoral neck fracture or stroke. It has been demonstrated that nutritional interventions are able to increase energy and protein intakes. [19] [20] [21] [22] Weight gain is difficult to achieve during a short hospital stay and is not a reliable outcome in acute geriatric wards. A weight increase has been reported in supplemented patients by some investigators, whereas others have failed to detect any change. 23 We observed a significant weight loss in both intervention and control groups. A multiple regression analysis showed that variation in weight was mostly accounted for by the presence of edema at the time of admission. The modification of body fluid volume with diuretics, for example, may have masked any beneficial effect of the intervention on body weight. However, as serum albumin did not change, other reasons may be present as well.
Studies showing nutrition biochemical markers improvement in response to an intervention during hospital stay are scarce. The IGF-I objective biochemical assessment is a major originality of our study. Biochemical indices, such as albumin and prealbumin, have important limitations, being affected by inflammation. Albumin Table 2 . Comparison between intervention and control groups at the time of admission and at week 3 using paired analysis Abbreviations: CRP, C-reactive protein; IGF-I, insulin-like growth factor 1. All values are means ± s.d. The number of subjects assessed is in parentheses. Table 3 . Malnutrition critical pathway A Trombetti et al concentrations change slowly given the long half-life of 21 days. By contrast, IGF-I has a half-life of a few hours and is of great value in evaluating nutritional status. [24] [25] [26] [27] [28] Furthermore, it is considered to be independent of disease activity, though it may be influenced by inflammatory reactions. 29 We observed a significant variation of serum IGF-I in the intervention group, whereas weight and albumin changes were not different in each group.
One of the salient findings of our study is the increase of serum IGF-I in the at-risk of malnutrition group at the time of admission. Several meta-analyses have examined the effects of protein and energy supplements in older individuals. 6, 30 Interestingly, one study analyzed trials by setting (that is, short-term care hospital, long-term care institution and community-dwelling) and nutritional status. 30 In the short-term care hospital, supplementation was associated with a weight gain and the subgroup analysis suggested improved survival with supplementation in undernourished individuals. It is consistently advocated to start nutrition therapy early to prevent the development of undernutrition in the eunourished, but metabolically stressed patient, and to not wait until severe malnutrition has developed. However, to the best of our knowledge, no study has suggested that this particular population of at-risk but not undernourished patients would better respond to renutrition than undernourished one. 31 When necessary, oral supplements and/or fortified foods were administered. It is well recognized that older people may consume oral supplements with difficulty. Compliance may be poor and some studies have suggested that oral supplements may interfere with spontaneous oral intakes in patients with impaired appetite. 32 Food fortification as used in our study may be an attractive approach and should be favored over oral nutritional supplements. However, an important limitation is the volume of food that an elderly individual is able to consume. Thus, a specifically fortified meal with a high-nutrient density and low volume was proposed to hospitalized patients and this may be one of the reasons for the success of the study.
Our critical medical pathway was set up with standard resources and using a multidisciplinary approach. Nevertheless, the introduction of systematic screening led to an increase in the number of patients seen by the clinical dietician, that is, those with malnutrition. This increase in dietician care need would be a limiting factor in the context of resource constraints. This increase may be compensated by more appropriate referrals of truly malnourished patients who really need dietetic counseling. Multidisciplinary assessment allowed a periodic nutritional follow-up of malnourished and at-risk patients. These meetings were complementary to nutritional screening and allowed the adaptation of nutritional treatment according to patient evolution. Relevance of these periodic evaluations is supported by the fact that 24% of at-risk patients were referred to the dietician for further evaluation.
Our intervention was not associated with reduced mortality. A recent meta-analysis 6 did not find a reduced mortality in supplemented patients compared with controls, neither in the whole-study population nor in hospitalized patients. Nevertheless, the results suggest a positive effect in those defined as undernourished and in elderly, who are mainly in-patients, thus emphasizing the need for a systematic screening program. As we did not screen for malnutrition in the control group, this subgroup analysis could not be performed in our study. In this meta-analysis, a decreased mortality rate was also observed when 400 kcal per day or more supplements was offered. A lower amount of calories may have been offered to some patients, limiting thereby the ability to detect a decrease in the mortality rate. A beneficial effect of nutritional supplements on morbidity has been suggested 6 with a particular focus on the risk of developing pressure ulcer, infection complications, exacerbation of chronic obstructive pulmonary diseases, hospital readmission, wound healing impairment or prescription of antibiotics. We did not collect such data and thus were not able to observe any positive effect on the rate of malnutrition-related to in-hospital complications.
Most studies examining the effect of nutritional intervention on length of hospital stay have failed to demonstrate a benefit from supplements. Our results are in agreement with these findings. However, in a randomized controlled study, Holiday et al. 33 showed that early dietetic intervention reduced hospital length of stay, but in the malnourished group only. Kruizenga et al. 23 investigated the effect of early screening and nutritional intervention in an acute hospital ward and demonstrated a reduction in length of stay in the subgroup of malnourished patients with low hand grip strength. Johansen et al. 19 showed that length of stay may be reduced by nutritional support in those with complications during hospital course. Again, as we did not screen for malnutrition in the control group, we were not able to perform such a subgroup analysis. Moreover, in geriatric patients, the length of hospital stay may be determined by other factors, such as the availability of adequate care after discharge or the availability of a long-term care ward. We did not find any between group difference in functional independence measure score.
Our study has several limitations. As it was a field study, the evaluations were performed by field collaborators. This could have reduced the efficacy of the procedures compared with a specifically dedicated management of clinical studies. However, it highlights the real efficacy of the clinical pathway. The increase in IGF-I level was consistent over the entire study (data not shown). On the other hand, as the IGF-I assay was performed daily, this could have increased the variability compared with batch measurements. A 3 days difference for the second determination of IGF-I is observed between the two groups. Whether this contributed to the between group IGF-I difference is possible, but unlikely. Indeed, as mentioned in the statistical section, we also applied a mixed-effects model analysis which takes into account the difference in blood collection intervals 34 and found similar results. Other limitations of our study include the lack of intakes (energy and proteins) recorded in both groups. However, there were a higher number of nutritional supplements and enriched meal in the intervention group, strongly suggesting that intervention was associated with increased protein and energy intakes. Although body composition assessment may improve the accuracy of the undernutrition screening, it was not measured in the study, as it does not belong to our standard care. Moreover, the length of stay was too short to expect significant nutritionrelated modification of body composition over time. Total body water is not constant during the hospital stay for a majority of patients and could alter body composition irrespective of nutritional status changes. Several participants could not be assessed at the time of admission and categorized in terms of nutritional risk. The reasons were multiple. MNA-SF being administered within the first 48 h after admission, the high turnover of residents may have led to missing MNA-SF. In any case, this was not patient-related. There were no differences between screened and unscreened patients (data not shown). For some patients, a second serum IGF-I was not available. Malnutrition screening was not performed in the control group. Although both groups were similar in terms of IGF-I levels and other nutritional variables at the time of admission, we cannot exclude slight differences in the nutritional status. Finally, it remains to be determined whether such IGF-I variations are clinically relevant.
CONCLUSION
The number of patients with malnutrition or at risk of malnutrition is important and constitutes the majority of elderly hospitalized individuals. Early and systematic nutritional assessment and management was associated with a significant increase in IGF-I taken as a surrogate marker of nutritional status.
